Larval competition experiments involving two wild type and eight mutant strains of Drosophila melanogaster have been carried out following the substitution procedure proposed by Mather and Caligari (1981) . Our main goal has been to compare the competitive abilities of two phenotypically indistinguishable strains (wild and Oregon-R) by means of their responses with eight different mutants. Prior to the analyses of viability data, we have studied the normalizing effect of several transformations in order to determine which was best suited for the analyses. The differences found among the five transformations tested and the untransformed data were not very great. The folded power transformation (Mosteller and Tukey, 1977) was finally chosen.
INTRODUCTION
Interactions that occur among individuals belonging to the same species under competitive conditions can be classified as intragenotypic and intergenotypic. The development of the theoretical basis for the study of these phenomena has been made by Mather and Caligari (Caligari, 1980; Caligari, 1981, 1983; Caligari and Mather, 1984, 1988) . The effects of different genotypes on each other are studied from the simplest model (monocultures) with only one genotype present, to cases with increasing complexity (duo-and triocultures) with two and three different genotypes simultaneously present in the same culture.
The first step in their method consists of the detection and separation of intragenotypic from intergenotypic interactions, which enables their comparison. Intragenotypic interactions are estimated from monocultures (Caligari, 1980) , by way of the linear dependence of larva-to-adult viability on density.
Once intragenotypic interactions had been studied inter-genotypic interactions are estimated from duocultures using a substitution design (Mather and Caligari, 1981) which involves the replacement of a given number of individuals of the indicator strain by exactly the same amount of individuals from the competing one. Hence, total culture density is kept constant.
Competitive responses are analysed by comparison of the linear regression slopes of monoand duocultures (see fig. 1 in Mather and Caligari, 1981) . This allows the classification of competitive interactions into competition, hypercompetition, facilitation, indifference, and equality between intra-and intergenotypic interactions.
However several problems, both biological and statistical, are raised by this method. The main biological problem is related to the determination of intergenotypic interactions between different genotypes with undistinguishable phenotypes. Eggleston (1987) , working with Drosophila melanogaster proposed the use of the mutant y2 as a marker, because the competitive response of a wild strain when carrying that marker was shown to be the same as that without it. But this solution requires the introduction of the marker into the genome of interest, with the corresponding disruption, and also assumes that this marker interacts in exactly the same way with any other genome. The statistical problems arise from the requirement for normality of errors, additivity of structure and homogeneity of variances (Atkinson, 1985) in every least-squares regression. Several different transformations have been proposed to achieve these requirements. Many of them belong to a general family, known as the power family of transformations (Box and Cox, 1964) . Among these, the most commonly used are the logarithmic and the square root transformations and in fact, many analyses of larval competition make use of one or the other (Mather and Caligari, 1981; Mather et aL, 1982; Kelley, 1985; Kelley and Clay, 1987) .
Another possible transformation, proposed originally by Anscombe (1948) and used subsequently by Mather and Caligari (1981) and Caligari and Mather (1988) , is the angular transformation, which does not belong to the power family.
The power transformations are appropriate for non-negative responses, but they may not be so when there is an upper limit for the dependent variable, such as we find in analyses of viability (Atkinson, 1985) . Several other general transformations have been proposed to solve this problem.
In the experiments described here we have studied the folded power transformation (Mosteller and Tukey, 1977) , the transformation proposed by Aranda-Ordaz (1981) , and the angular and the power transformations in order to determine whether they lead to different statistical and biological conclusions and to find out which of them better approaches the requirements of normality, additivity and homoscedasticity.
MATERIAL AND METHODS

Experimental design
In these experiments, ten different strains of Drosophila melanogaster were used. Half of them were captured in a cellar near Requena (Valencia, Spain) and the rest were laboratory strains. Each group consisted of one wild and four eye colour mutant strains. The cellar strains were named wild, 1.51.3, 2.54.A (identified as cd77°), 2.58.A (identified as se79°) and 2.74.B. The laboratory strains were Oregon-R, se, bo, v and w, and were supplied by the Drosophila Collection Center at Bowling Green (Ohio, U.S.A.).
All these strains were kept in the laboratory in half-pint bottles supplied with Lewis' medium at is not enough for all the larvae in a vial to develop into adults (Economos et aL, 1982) .
Monocultures for all strains were initiated with the following number of larvae: 70, 66, 60, 35, 10 and 4. In addition, wild type monocultures with 50 larvae and mutant monocultures with 20 larvae were included. Each series therefore consisted of seven different initial densities. Duocultures were performed according to the substitution design (Mather and Caligari, 1981) , and each wild type strain was set to compete with all eight mutant strains. The initial numbers of wild and mutant larvae were: 66/4, 60/10, 50/20, 35/35, 10/60, 4/66, respectively. In all cases 20 replicates were initiated although not all of these survived in every case. All of the replicates for each monoculture or duoculture were raised simultaneously, but the different competition systems were spaced over several months.
Statistical transformations
The family of power transformations was proposed by Box and Cox (1964) and it belongs to the more general class of parametric transformations:
where y(A) is the transformed variable and A the corresponding parameter. A problem that arises with the use of parametric transformations on the same variable is to decide which value of the parameter conforms better to our requirements. As the use of different A involves changes in scale, it is not possible to compare directly their residual sums of squares. The solution proposed by Box and Cox (1964) is to perform the comparison by means of the corresponding log-likelihood
where n is the number of observations and R(A) is the residual sum of squares of the normalized transformation (Atkinson, 1985) . Two other transformations used in this analysis are also parametric. The folded power transformation (Mosteller and Tukey, 1977) and the one proposed by Aranda-Ordaz (1981) are designed to overcome the difficulties found in the application of the power transformation to data with an upper limit (Atkinson, 1985) . In this paper we analyze larva-to-adult viabilities which, obviously, belong to the interval [0, 1]. The choice of parameters is made as in the previous case by comparing the log likelihoods. A whereas for y near one it behaves like (1 _y)" (Atkinson, 1985) .
The Aranda-Ordaz proposal (1981) was designed originally for the analysis of binary data, and is expressed as:
The normalized expressions for all of these transformations can be found in Atkinson (1985) .
For the three parametric transformations, likelihoods were computed for values of A from -2 to +2, in 01 increments. Optimal values for A were estimated using the residual sums of squares following analyses of variance of viability data. Confidence intervals (P 0.95) for the parameters were estimated in each case, and those values that appeared most frequently were chosen as the A parameter for each transformation.
The angular transformation (Anscombe, 1948) is not parametric and it has been applied extensively to the analysis of viability data (Moya and Botella, 1985; Moya and Castro, 1986; Molina et a!., 1988; Caligari and Mather, 1988, among others) . This transformation is given by w(y)=arcsin'/5 (Oyl).
Analyses which utilised these four transformations, as well as the square root transformation, were compared with the results obtained using In some cases the value of A corresponding to the maximum likelihood was beyond our initial limits and, therefore, it was not possible to determine their confidence intervals so they were not taken into account in the determination of the (4) optimal A. A plot of the number of cases in which a given value of A belongs to the 95 per cent confidence interval is shown in fig. 1 . Determination of the optimal A value has to be based not only on maximized likelihood but also on the requirement of easy biological interpretation (Box and Cox, 1964) . Accordingly, for the power transformation we decided to choose A = 00 instead of A = -05 because their number of appearances is almost equal (25 vs. 27, respectively) and the logarithmic transformation is more widely accepted than the "inverse square root". The value of A chosen for the Aranda-Ordaz transformation was 07 and A was taken as 05 for the folded power transformation.
With these three transformations plus the angular, the square root and the untransformed data, we proceeded to perform the corresponding linear regression analyses of viability onto initial density for all mono-and duocultures. The slopes can be used in order to determine the response of each strain under competition. The regression coefficients obtained using the different transformations cannot be compared directly because of the changes of scale involved. However, we can compare the corresponding levels of significance, both for the linear regression (with an analysis of variance) and for the differences between slopes and ordinates at the origin (with corresponding analyses of covariance). This approach will indicate whether a certain transformation behaves markedly differently from the rest and whether the linear model is valid or not for it.
The Aranda-Ordaz and the folded power transformations were always coincident in their levels of significance both for the linear model and for differences between slopes and ordinates at the origin. Of the 42 regression analyses (10 monocultures, 16 duocultures), the untransformed data The above results indicate that either the Aranda-Ordaz or the folded power transformation would be preferable, as they maximize the requirements of normality, additivity and homoscedasticity, and do not differ from the rest in the comparisons of levels of significance. We have decided to present only the results obtained with the latter since the differences between them (10-10) are so small.
For both monocultures and duocultures, the significance of the regression in an analysis of variance was calculated. Of the monocultures, only that for the wild strain yielded a slope that did not differ significantly from zero. This indicates that, at least in the interval considered, wild viability is independent of initial density. Hence, no intragenotypic interactions are detected. The other nine strains yielded highly significant, negative slopes of the kind to be expected with increasing initial densities. Most of the slopes in duoculture were highly significant (26 out of 32 cases), with more negative (16) than positive signs (10).
According to the analysis of Mather and Caligari (1981) , monoculture and duoculture slopes are compared by means of analyses of covariance (table 2) where bm and bd represent the monoculture and duoculture slopes, respectively. When the two slopes do not differ significantly, the substitution of individuals of the indicator strain by those of the associate strain has no effect on the indicator viability. This situation may be classified as "indifference". These comparisons are shown in table 2 and it is evident that all but two of the reciprocal duocultures behave differently. The exceptions are se/wild (I, E); wild/se (E) and w/Or-R (E); Or-R/w (E). However, these comparisons necessarily take into account the effect of the corresponding monocultures (intragenotypic effects) via the comparisons between mono-and duoculture slopes.
We are interested in comparing the intergenotypic effects of different strains when competing with the same competitor. The intra-and intergenotypic effects can be separated by subtracting the monoculture and duoculture slopes (bmbd) and the resulting intergenotypic competitive effects for all the strains are compared in table 3. There is only one case in which the intergenotypic effects of both wild type strains on a mutant one (v) are not different. It can be observed that the wild strain suffers much less intergenotypic competition than Or-R, with most cases being facilitation {(bm bd)>O] rather than competition [(bm -bd) 
This is presumably related to the absence of detectable intragenotypic competition in the wild strain.
DISCUSSION
Despite the necessity to fulfil various requirements for the correct application of least squares analyses to viability data, we have not detected many significant differences when applying these tests to untransformed or differently transformed data. Of the 444 analyses of regression and covariance involving five different transformations as well as untransformed data, only 20 showed discrepancies. Most of these were merely in the level of significance and nine of them correspond to the untransformed data (table 1) .
These results do not imply that transformations are unnecessary and superfluous. Rather, they imply that almost any normalizing transformation will be perfectly valid for the analysis of viability data. In this case we have used the folded power transformation (y'=v'j-v'(l -y) ) for the remaining analyses. However, the angular transformation behaves almost like it and it is used more often in the literature, making it a good choice for this kind of analysis.
Most of the strains analysed show intragenotypic interactions. The only strain which does not is wild and the original data show that its viability remains constant at around 041 (±0.03) for all the densities tested. This figure is lower than the viabilities in monocultures of the remaining strains at low densities. Castro et al. (1985) showed that the wild strain had a higher optimal density (initial density with the highest survival rate) than the strains cd77° and se, also used in this experiment. If the initial densities used do not include the point of optimal density, it may be difficult to detect intragenotypic effects (Wallace, 1981, chapter 16) .
Those monocultures with lower intrinsic mortality rates (high viability at low initial densities) show higher intragenotypic effects and vice versa.
Losses due to intrinsic mortality are densityindependent and it can be assumed that they occur in the early stages of development. Hence, these dead individuals do not enter the competing populations, which implies lower effective initial densities. The absence of intragenotypic effects already mentioned for wild is quite well explained by this fact and its higher optimal density (Castro et a!., 1985) .
The absence of intragenotypic competition for the wild strain means that associate competitors may only be classified as displaying hypercompetition, facilitation or indifference, depending on the result of a complex array of biological phenomena (feeding rates, food conversion efficiencies, critical weights, postcritical weight feeding and interference or facilitation through media conditioning, among others). Most of these phenomena have been shown to play an important role in determining whether a larva will survive or not to adulthood (Burnet et a!., 1977; Nunney, 1983; Joshi and Mueller, 1988; Mueller, 1990; Mueller et a!., 1990) .
The results of duocultures are very diverse.
Generally, Oregon-R suffers stronger intergenotypic effects when cultured with mutants than wild, and Or-R also exerts stronger effects than wild. As we have mentioned already, this is expected in part from the behaviour of wild monocultures. However, any attempt to hypothesize about the outcome of duocultures from previous information of monocultures is doomed to fail (Bakker, 1961; Mather and Caligari, 1981) . In these experiments wild seems generally to be a worse competitor than Oregon-R. However, this is not true in all cases, as can be seen by the effects of wild on se79°, se and v (table 3) . A clear conclusion can be drawn from these results: there is no way of comparing two strains with identical phenotype by means of using a third, marker strain. There is no consistency in the results of duocultures when we compare any mutant strain and both wild type ones. This makes it impossible to decide which strain, if any, should be chosen in order to compare wild and Oregon-R (table 3) .
Finally, on the strength of these results we may suggest a similar rule to the one proposed originally by Bakker (1961) . If the outcome of duocultures cannot be predicted from the corresponding monocultures, similarly the interactions of two undistinguishable genotypes cannot be predicted by comparisons involving a third one.
